Bending and Shear Behavior of a Composite Beam Strengthened and Double-Confined with FRP-Jacket  by Taleb, Souad Ait et al.
 Procedia Engineering  114 ( 2015 )  165 – 172 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering
doi: 10.1016/j.proeng.2015.08.055 
ScienceDirect
1st International Conference on Structural Integrity 
Bending and shear behavior of a composite beam strengthened and 
double-confined with FRP-jacket 
Souad Ait Taleba,*, Abdelmadjid Si Salema and Kamal Ait tahara 
aUniversity Mouloud Mammeri of Tizi Ouzou, 15000, Algeria  
Abstract 
Construction and building industries are responsible for the depletion of large amounts of non-renewable resources. Reducing the 
raw materials consumption by using bio-products is considered as a significant step to achieve a sustainable construction 
industry. In this connection, an innovative composite beam strengthened and double-confined with flexural and shear continuous 
FRP-Jacket was introduced in the present study. The proposed technology consists on substituting the tensile Portland cement 
based concrete by a modified  eco-friendly one, in which the mix-proportion was designed by substituting a partial cement 
amount by  dry clay one, and hydraulic lime additions. An experimental investigation completed by theoretical modeling based 
on shear deformations beam theory are carried out in order to assess the bending and the shear performances of the proposal 
design under four-point flexural load. Experiment and modeling results comparison in terms of bearing capacity, stresses 
distribution and cement reducing presents a satisfactory agreement and shows that the double-confinement system adopted 
produces a noticeable increment in strength and deformability compared to conventional concrete beams. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering. 
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1. Introduction  
Concrete industry increases daily in terms of infrastructure development applications; such manipulation mainly 
contributes to the environment pollution, due to CO2 emissions. Nowadays, several efforts are in progress to reduce 
the use of Portland cement in concrete to address the global warming issues. These searches include the use of 
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suppleentary cementing materials such as: fly ash, silica fume, clay and metakaolin, as well as the development of 
alternative binders to Portland cement [1, 2].  In this respect, the modified eco-friendly concrete technology shows 
considerable promise for application in concrete industry as an alternative binder to the cement, and provides a very 
important progress in many engineering fields, since this alternative binder disposes of an interesting mechanical 
strength, adheres well to the other materials and provides high resistance to chemicals and corrosive agents [3]. 
Recently, Glass Fiber Reinforced Polymer (GFRP) was used in many mechanical engineering fields, aeronautics, 
and especially in civil engineering. These innovative materials have found their new applications in the 
rehabilitation, strengthening and confining of reinforced concrete members. In this respect, the enhancement in terms 
of mechanical performances of strengthened structures with composite materials was experimentally demonstrated 
by several studies and researches [4-7]. Recently, several approaches for confined and reinforced concrete members 
by FRP composites have been developed, whereas, one of the most used strengthening methods was the bonding of 
external composite sheets on the exposed faces to failure [8In this connection, our study aims to improve the usage 
of natural geological materials through a new double-confined composite beam, made respectively from a mixture of 
ordinary concrete in the compressive zone and modified clay based concrete in the tensile zone of the beam. This 
investigation allows, on one hand to substitute the cement known by greenhouse gas emissions and its exhaustive 
cost and on the other to improve the beam performances, also to avoid the sudden failure of the beams. 
In the first part of the article, an experimental campaign is described which was based on classical experimental 
work carried out on small scale concrete beams reinforced with composites [9-12] in order to assess the flexural 
performances of the proposal design and in the second part, the experiments were completed by analytical modeling 
based on classical beams theory in order to better understand the behavior of the confined based beam. The power 
law function of functionally composite materials referred to as FGM was used to homogenize the material properties 
variation in the beam thickness direction [13]. The shear deformation theory, which satisfies the shear stresses 
nullity on the top and the bottom surfaces of the confined based beam [14, 15], is considered in this study. The 
average test and theoretical results are emphasized and confronted to highlight the improvement of the proposed 
double-confinement technology in terms of strength, ductility, shear and flexural stiffness.  
2. Experimental procedure  
The experimental investigation was carried out on two phases. In the first one, materials characterization 
campaign was conducted to identify the laws behavior of the constitutive raw materials. Then a series of double-
confined composite based beams referred to as (D-C-B) and confined ones with external bonded parabolic GFRP-
Jacket referred to as (C-C-B) were casted. Also, Composite beams with flexural FRP strengthening referred to as 
(R-C-B) were casted to be used for comparison purposes. The latest series contains a set of control specimens made 
with plain Ordinary Portland Cement concrete (H-C-B) and a set of composite beams without FRP reinforcement 
referred to as (I-C-B). All the beams were experimentally tested under typical bending loads until failure using a 
universal test machine, that allow us to observe the failure mode of the new beam and to measure the differences in 
strengths, especially to compare obtained results and to draw preliminary conclusions. 
2.1. Used materials  
In this study, CPJ Portland cement, course and fine aggregate with maximum diameter of 25 mm, water, and 
superplasticizers were used to prepare the ordinary concrete (O-P-P-C). However, dry clay intended to the ceramic 
construction was used as source material to manufacture the modified concrete.  
                           Table 1. Mix design of used ordinary and modified concrete 
Concrete 
type  
Portland 
cement (kg) 
Clay    
(kg) 
Hydraulic lime  
(kg) 
Fine aggregate 
(kg) 
Course aggregate 
(kg) 
Mixing 
Water (l) 
O-P-P-C 350 0 0 825 1025 202 
M-E-F-C 294 35 21 825 1025 235 
The specific gravity of used clay was 2.08, and the mean particle size is about 0.1 to 0.2 μm and finer than 
cement, it consists mainly of glassy spherical particles. While, the used lime was a natural hydraulic lime (NHL 3.5) 
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according to NF EN 459-1. Finally, the modified concrete mix design with 16% of cement amount substitution by 
source materials, referred to as (M-E-F-C) was considered, as shown in Table 1.  
For making the eco-friendly concrete, the Portland cement, dry clay and NHL were firstly mixed homogeneously. 
The coarse aggregate and sand in saturated surface dry condition were prepared together with the binder (cement, 
clay and lime) in a 300 kg capacity tilting drum mixer for about one minute. At the end of the dry mixing, water and 
superplasticizers solution were added. Then mixing was continued for another four to five minutes till a uniform 
consistency was achieved. Immediately after mixing, the fresh eco-friendly concrete was cast into the mould. The 
average 28-day compressive strengths of concretes as well as the main mechanical properties summarized on Table 
2 were determined using standard cylinders according to NFP18-406.  
                                          Table 2. Summary of used ordinary and modified concrete proprieties 
Concrete 
type 
Stress limit  
(Mpa) 
Strain limit 
(Mpa) 
Elastic modulus 
(Mpa) 
Poison's   
ratio 
O-P-C-C 30,17 ± 0,44 3,25 ± 0,15 29178 ± 186,2 0.21 ± 0,022 
M-E-F-C 27,34 ± 0,95 2,11 ± 0,20 39133 ± 203,6 0,15 ± 0,025 
 
The used composite sheets and Jackets are made of resin impregnated E-glass fibers with a total thickness of 1 
mm. The use of the FRP fabric is generalized because of the relative facilities of fiber fabrication, the good 
mechanical properties and the moderate cost and own weight. In addition, the yield strength and the Young’s 
modulus of this fabric provided by the manufacturer are respectively 1 400 Mpa and 72 Gpa. However, the main 
mechanical properties of the used composite sheet and adhesive under tensile load according to the NF EN ISO 527-
1are given as follows: the average yield strengths were respectively around of 250 and 95 Mpa, whereas, the 
Young’s moduli were found respectively to be 62 and 2.8 Gpa.                                              
2.2. Beams Design, manufacturing and monitoring 
The proposed confined based beams with double and parabolic FRP Jacket are shown in Fig. 1. The dimensions 
of the beams are 1100 x 160 x 80 mm; the overall height of the Jacket at the beam mid-span is 40 mm. The 
confinement effect due to the bonded FRP Jacket with the new shapes shown in Fig. 1(b) and 1(c) allows preventing 
the development of lateral deformations of modified concrete and to enhance flexural and shear performances under 
excessive loading, and in other hand allows the passage from a brittle failure mechanism to a ductile one. 
 
 
Fig. 1. (a) Proposed confined based beam; (b) Double-confinement GFRP Jacket; (c) Continuous parabolic GFRP Jacket. 
All beams were casted in wooden moulds, compacted, finished, demolded, and cured in an ASTM standard 
curing room with 100% relative humidity. During casting, the modified concrete is introduced at mid-length of the 
mould (tensile zone), followed by the implementation of ordinary concrete. After 28 days of casting, the 
FRP/concrete bonding surfaces were finely prepared, and then the Jacket is bonded on the underside of the beam.  
The four-point flexural test was conducted on simply supported based beams with an effective span of 1000 mm. 
the loading is applied at the mid span of the beam, and the distance between the loads was 200 mm. The beams were 
b
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instrumented to record load, deflection and strain measurements. The test machine was a universal IBERTEST type 
of 200 KN capacity, equipped with a data acquisition system. In addition, a statistical processing is performed at the 
end of each test sets. 
2.3. Test results comparison 
The mechanical behavior at ultimate limit state was experimentally studied by means of four-point bending test 
in order to quantify the contribution of the confinement jackets in terms of strength and deformability. Fig. 2 shows 
the confrontation of the load-deflection curves, which represents the evolution of the external applied load as 
function the displacement at the beam mid-span for the different beams configuration. Moreover, Table 3 
summarizes the average test results in terms of flexural load capacity, initial crack load and deflections. 
            Table 3. Summary of average test results 
Beam 
specimens 
Initial crack 
load (kN) 
Ultimate 
Load (kN) 
Ultimate/initial 
crack load ratio 
Ultimate 
deflection (mm) 
H-C-B 6.45 8.43 1.31 1.89 
I-C-B 4.79 6.53 1.36 2.15 
R-C-B 8.32 13.83 1.48 5.22 
D-C-B 16.86 25.73 1.53 8.86 
C-C-B 14.37 24.19 1.53 7.92 
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Fig. 2. Average load-deflection response curves for various specimens. 
Results analysis shows clearly the improvement in terms of strength and deformability of the confined based 
beams compared to the reference ones. The flexural performances comparison according to all tested beams allows 
us to highlight the enhancement of the proposed design technology in terms of bending capacity and ductility. Such 
comparison shows that the conjugation of the performances of the confining GFRP-Jacket allows reducing the 
cracks initiation and opposing shear deformations, this confers an interesting flexural and shear stiffness to the 
beams, which allows both to solicit the constitutive materials until their maximum capacities and to avoid the 
premature failure. For more clarity the rupture loads and deflections for all tested beams are plotted in Fig. 3.  
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Fig. 3 (a) Initial and Rupture loads comparison; (b) Initial and Rupture deflections comparison for all tested beams. 
The results show that the average ultimate strength of the double-confined composite beam (D-C-B) is increased 
by an average of 6.36 %, compared to the confined one with parabolic shape (C-C-B). For the reinforced concrete 
based beams namely: (R-C-B), this value was increased by an average of 86 %. In addition to the load-deflection 
response, Fig. 4 shows the comparison of the typical failure modes of studied composite specimens. It is clearly seen 
that the failure mode of confined composite beams is not brittle, contrary to unconfined ones. Under flexural 
loading, stress concentration occurs at the bond interface of the confined beams. The FRP jacket has been deformed 
in the transverse direction, but the nature of physical interface with concrete still remains relatively permanent. In 
other words, the cracked modified concrete fragments have been confined inside the cross-section area of the beam.   
 
 
Fig. 4. (a) Failure mechanism of tested composite beam (I-C-B); (b) Failure mechanism of tested confined based beam (C-C-B). 
The failure mechanism of the reference beams occurs more brutally than the failure mechanism of the confined 
composite one due to the lack of composite cover. It can also be seen that the confinement by composite jacket leads 
to a better stress distribution within the composite beams. The debonding between GFRP and modified concrete was 
also proved to be an important failure mode. The external loading increases until the peeling off of the composite 
Jacket, which prevents the combination of their mechanical performances. Moreover, the transfer of internal forces 
to the modified concrete is very cover as interesting as this layer will fail much before the failure of confined beams. 
3. Theoretical validation  
The second section of this paper describes a simplified approach employed in the development of the analytical 
model to predict the full flexural response of the proposed confined beam. Theoretical modeling, type power-law 
function was implemented to describe the variation in the continuous material properties. Such analysis model takes 
into account the flexural and the shear contribution of the GFRP-Jacket. The comparison between experimental and 
theoretical results as well as the final discussion illustrates the aforementioned advantages of this approach, 
especially the assessment of stresses and strains for various loading levels. 
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The basic governing equations are obtained using the Navier-beam approach. The comparison of the considered 
shear deformation models shows the effect of changing of the parameter material on the evolution of the stresses 
fields. However, the first stage is focused on preliminary investigations of structural behavior of the double-confined 
beams. The effectiveness of such methodology is experimentally evaluated on the basis of obtained test results. 
3.1. Homogenization 
The variation of the Young's modulus in the thickness direction ( y ) of the composite beam without FRP 
reinforcement and confinement is in function of the Young's modulus of the materials : concrete and modified 
concrete, and also the parameter "p" that takes into account the change of the material, as given in equation (1). 
1
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In which OCE , MCE are respectively the Young’s modulus of concrete and modified concrete surfaces of the 
composite beam. In order to take into account the contribution of the composite jacket in terms of flexural stiffness, 
we introduce to the power-law function the volume fraction and the Young’s modulus of composites. Finally the 
variation of Young's modulus of the double-confined based beam ( )DCBE y is given as:  
1
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Where P and cE are respectively the FRP density with respect to concrete volume and the Young’s modulus of 
used composites. L and h are respectively the total span and height of the (D-C-B). However the effect of the 
Poisson's ratio on the deformation is much less significant than of Young's modulus variation [18], for this purpose 
the Poisson's ratio value is assumed to be constant at any points of the beam. 
3.2. Basic equations 
Based on classical beams theory, a very systematic and safe way to establish governing and boundary equations 
of a new model was conducted using the principle of virtual work. In the framework of small perturbations for 
infinitesimal deformation, the principle of virtual work is required to lead to the differential equilibrium equations 
governing the mechanical behavior of the considered beam under statical four-point flexural loading. Introducing 
definitions for generalized forces and moments, the governing equations are given as follows: 
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In which ( xu ) is the displacement caused by axial force and ( xw ) is rotation angle of the normal about the y axis. 
( xM ) is the transverse shear strain measured on the mean-line. ijA , ijB , ijC , ijD , ijE and ijF are some undetermined 
generalized coefficients. Finally, the analytical solution of is obtained by the Navier series method, as given in (4). 
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In which ( )u z , ( )w z and ( )zM are total displacements field in the longitudinal beam direction. The external loading 
is transformed as: 
1
( ) sin( )my
m
q
q z z
L
O
f
 
 ¦ in which mLSO  ; m is the total number of series, in this study, we 
considered only the first ten series. The variation of the stresses field was assessed by injection of the displacements 
one in the normal and shear stress equations. 
3.3. Simulation results 
The analytical modeling results obtained by shear deformation beams theory for different values of material 
parameter are performed. The Young’s modulus and Poisson’s ratio for concrete; modified concrete, FRP and the 
beams geometry are given above in the experimental section. The density of the composites with respect to concrete 
volume is given by ratio between composites/concretes. Some numerical results about the deflections and stresses of 
the proposed double-confined based beam have been emphasized in Fig. 5 and Table 4. 
 
  
Fig. 5. (a) Shear stresses variation of the D-C-B for unit value of “p”; (b) Rotation angle of the D-C-B for unit value of the law exponent. 
The rotation angle of the confined based beam shown in Fig. 5(b) for unit value of the power law exponent is 
between those of beams made of modified concrete and ordinary concrete. It can be observed that, the deflection of 
concrete rich composition is grater when compared to clay based modified concrete beam. This can be accounted for 
the Young’s modulus of M.C being high when compared to that of O.C. This is further clear by referring to other 
results indicating the variation of displacement field with different power law exponent of the CCB. Therefore, the 
transverse deflection w  and the rotation angle M decreases as power law exponent is decreased. 
Table 4.Summary of axial and shear stresses of the D-C-B for unit value of the power law exponent 
/y h  /z L  ( )DCBE y (Mpa) zV (Mpa) zyW (Mpa) w (mm) M (rad) 
-0,5 0 60000 5,956 0 0 -0,00032 
-0,3 0,1 61915,51 2,281 -0,229 -0,017 -0,00031 
-0,1 0,2 62052,9 0,489 -0,405 -0,033 -0,00028 
0,1 0.3 62137,95 -0,489 -0,408 -0,046 -0,00021 
0,3 0,4 62200,34 -2,329 -0,234 -0,055 -0,00012 
0,5 0,5 62250 -6,175 -1,796E-16 -0,058 -1,862E-05 
 
The shear stresses distributions through the thickness of the composite beam for p = 1 when the applied the 
loading are symmetric about the mid-plane of the beam. Also, it can be observed from the Fig. 5(a), that values of 
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shear stresses are maximum on the neutral axis of the double-confined composite beam. It is obvious that changes in 
the power law exponent have more significant effect on the transverse shear stress than on the axial normal stress. 
No transverse shear stress occurs at the mid-span when p = 1. It agrees with the physical sense that all beam 
properties including geometry, elastic properties, and loadings are symmetric about the mid-span, hence the 
symmetry distributions of deformations and stresses about the mid-span. On the other hand, the transverse shear 
stresses at the mid-span increases gradually when inhomogeneity in the longitudinal direction becomes increasingly 
severe as done by Lu et al [16]. 
4. Conclusion 
The proposed design technology offers on the one hand the ability to increase the flexural stiffness and strength, 
and prevent a sudden failure under excessive loading. On the other hand such design with high mechanical 
performances allows to reduce 16 % of the greenhouse gas in the atmosphere, without increasing the own weight, 
the construction time and the workmanship costs. Test results shows clearly the improvement compared to the 
homogeneous beam made with ordinary concrete. In addition, a new formulation of the variation of stiffness 
modulus of the double-confined beam is given and validated. The experimental results correlated well with the 
values predicted using the theoretical modeling. However, the numerical results were slightly higher than the 
experimental ones; this is due to initial defects in the composite beams, which cannot be calculated in analytical 
modeling.  Results analysis shows that the adopted double-double confinement system provides significant 
contribution in terms of rigidity and ductility. Also, the evolution of shear stresses and deflections are mainly 
depending on the density of composites with respect to concrete volume. Future works should validate the different 
results obtained by numerical modeling based on the finite element method, also the authors recommend to carefully 
making the fabric layering at the beam mid-span to ensure an optimal adhesion. In this respect, it is thus necessary to 
continue the study by more experiments including the identification of the mechanical behavior, as well as the 
homogenization on the structural scale. 
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